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制备了 CZTS 纳米晶薄膜，并在氮气气氛中于 380 ℃对薄膜进行了退火处理，之
后进行了硫化和硒化。通过 XRD， SEM 等测试表征手段做了研究，得到以下
结论：从 TEM、SEM 和 XRD 可知，合成的纳米粒子直径 7nm-15nm，具有高度
的分散性。通过电子探针分析，Zn 元素在合成中有一定的损失。从 XRD 和 Raman
光谱中，得出 230℃是 佳的纳米粒子合成温度。退火可以提高结晶度，而硫化
除了提高结晶度，也可以消除 Cu4SnS4 杂质相。硒化可以很大程度促进纳米粒子




































向性。500℃下退火 1h，可以使得 ZnS 薄膜转变为 ZnO，并提升表面平整度。 
 


















In this thesis, we researched the function and buffer layer of CZTS thin film solar 
cell. We prepared the CZTS nanoparticle by hot-inject method, made the nanoparticle 
ink and used this ink to prepare the CZTS nanocrystalline thin films by coating and 
spin coating. They are annealled in a nitrogen atmosphere at 380℃ before the 
vulcanization and selenization. Through the XRD, SEM and other testing test methods, 
we come to the following conclusions: From TEM, SEM and XRD, 
nanoparticles’diameter is about 7nm-15nm with a high degree of dispersion. Analyzed 
by EPMA, Zn element suffered a loss during synthesis. From the XRD and Raman 
spectra, 230 ℃ is the best synthesis temperature of the nanoparticles. Annealing can 
improve the crystallinity, while vulcanization not only increases the crystallinity, but 
also eliminates Cu4SnS4 impurity phase. Selenization can greatly promote the 
crystallization and impurity phase into CZTS crystal. From SEM, coating and 
annealing films may crack and spin coating and hot-dried films may be porous after 
annealing. While spin coating and air-dried films show good quality. 
At the same time, this thesis also studied the preparation of CdS nanocrystalline 
thin film by chemical bath deposition (CBD), and the influence of the synthesis 
temperature, synthesis time and double-layer process on the films. Through the AFM, 
SEM, XRD test method, we explored surface morphology, crystal structure, 
transmittance and thickness property of the films. The formation mechanism and the 
effects of the above variables are explained in the homogeneous and heterogeneous 
reaction principle. To obtain the best quality of the film, deposition temperature should 
be 80 ℃ and deposition time 10min. If the deposition temperature is too low or the 
deposition time is insufficient, the coverage of the film is not good; while if the 
reaction time is too long, there will be clusters of particles causing rough surface by 
















thickness and crystallinity and reduce the roughness, which has potential applicable 
value on controlling the thickness and surface uniformity of widely-used CdS. 
Finally, this thesis studied the preparation of zinc sulfide (ZnS) thin films by 
chemical bath method. We researched the effect of synthesis time, sodium citrate 
and doping process, crystalline base and annealing on the thin film. SEM, XRD, UV- 
Vis and step profiler are used to explore the surface morphology, the crystal structure 
of the films, transmittance and thickness. And we explain the mechanism of film 
formation and phenomenon of the experiment. Before 50min, deposition is in 
the induction period and reaction is slow. But when after 70min, the reaction is in the 
mature period. So the choice of 60min as the deposition time is the best. Sodium citrate 
has a little effect on ZnS thin films, only slightly reduce transmittance, increase 
crystallinity and surface roughness.  Boric acid doping can generate its 
own crystal, also fill in ZnS film’s hole; and the aluminum ions can behydrolyzed in 
the solution and be heated. They play an important role in delayed release and 
promote ion attachment to the base. Crystalline base can slightly promote the 
crystallization of ZnS thin films, and give large particles with a certain orientation. If 
the films are annealed in 500 ℃ for 1h,  ZnS film can transfer into ZnO and improve 
the surface flatness.  
 Keywords: CZTS nanocrystalline; CdS thin film; ZnS thin film; hot inject; 
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求经济发展的可持续动力。例如，美国早在 20 世纪 90 年代就准备实施太阳能百





























池组件的价格 0.49 美元/瓦，平衡支架系统 0.39 美元/瓦，电力系统 0.12 美元/瓦。
为了实现这一目标，专家认为，需要太阳能电池组件实现 25％的效率，以及现在




1.2.1 PN 结 
大部分半导体太阳能电池的工作电压产生在 p 型和 n 型半导体的界面接触部
分。纯硅材料是本征半导体，如果一个 Si 原子被五价原子取代（例如磷或砷），
那么就会多余一个电子，无法形成共价键。这个电子受到的束缚很小，只要很小
的能量就能够使它脱离该原子，那么就形成了 n-型半导体。如果 Si 原子被一个三
价元素取代，那么就会形成空穴，这是因为三价元素缺少一个电子来形成四个共
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